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Natural products are gaining enormous importance and attention from chemists and 
pharmacologist to discover biologically lead molecules. In natural product chemistry, 
marine organisms have provided with rich source of unusual secondary metabolites. 
Marine environment is a huge potential resource for Natural Products. In Oceans the 
circumstances are quite different from those on the land. The under sea environment is 
closed system with high salinity, high pressure and relatively constant temperature. 
Therefore Marine Organisms are expected to produce quite different compounds when 
compared to those produced by terrestrial organisms. 
Marine natural product chemistry originated in 1970's and developed rapidly in 
1980's and matured in the last decade. During last three decades a great number of new 
Marine natural products are isolated from various Organisms. These are mainly used as 
pharmaceuticals, food and food additive cosmetics novel enzymes and research tools for 
the biomedical sciences. 
The aim of research projects concerned with Marine natural products may be 
1. To find out the novel compounds those are useful as leads for Drug Development. 
2. To provide good tools for basic research in life sciences. 
3. To study the roles and biological functions of secondary metabolites in the life of 
marine organisms. 
Inspired by the trends in the modern marine chemical investigation, the author has 
made a modest effort to investigate on marine organisms. In this thesis, the result of 
chemical investigation of sponges Phycopsis sp., Axinella carteri, Dendrilla cactos and 
soft corals Sinularia kavarttiensis, Sarcophyton sp. have been discussed. Chemical 
investigation of above marine organisms has lead to the isolation of some new compounds 
along with several known compounds and synthesis of natural product analogues. The 
biological activities of some of these compounds have been presented. The development of 
some new synthetic methodologies during the present studies has been described. To 
discuss all the investigations systematically, the thesis has been divided into three chapters. 
 
 
 
 
                                                                                                                                Synopsis 
 
 
 
 
 
CHAPTER-I 
 
In this chapter, a brief and concise review on secondary metabolites isolated from 
two sponges, Phycopsis sp., Axinella carteri and two soft corals, Sinularia kavarattiensis, 
Sarcophyton sp., and biological activities of some of these compounds were presented. 
 All the above sponges and soft corals were collected from Mandapam coast, Gulf 
of Mannar, Tamilnadu, India during different seasons of the course of study. 
 The freshly collected specimens (sponges or soft corals) were soaked in MeOH at 
the site of collection until workup. The resultant initial aqueous methanol extract was 
decanted from the sponge material and the sponge material was reextracted with 
dichloromethane : methanol (1:1, 3 x 1.5 L) by percolation at room temperature. The 
combined extract including initial methanol extract was concentrated under reduced 
pressure to obtain predominantly crude aqueous suspension, which was extracted into ethyl 
acetate and concentrated under reduced pressure to give dark brown gummy crude ethyl 
acetate extract. This crude ethyl acetate extract of the sponge/soft coral specimens was 
fractionated on gel filtration chromatography (Sephadex LH-20, 1:1 CH2Cl2 : MeOH, 
47mm X 820mm) followed by silica gel chromatography eluting with hexane through 
hexane-ethyl acetate mixtures and finally with ethyl acetate and the pertinent fractions 
were further purified by repeated column chromatography. 
 
Chemical investigation of the sponge Phycopsis sp.: 
 The crude extract (20 g) of dark green colored sponge, Phycopsis sp. was subjected 
to gel filtration chromatography (Sephadex LH-20, 1:1 CH2Cl2 : MeOH, 47mm X 820mm) 
followed by silica gel chromatography afford four compounds PS-1 to PS-4. Compounds 
PS-2 and PS-4 are new compounds and the other two compounds are first time reported 
from the sponge Phycopsis sp. The structures of compounds were confirmed on the basis 
of spectral studies. The anti bacterial activities for these compounds were studied. The data 
of this assay was furnished in Table 1. 
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Table 1: MIC values (µg/ml) of isolated compounds against 
Gram positive and Gram negative Bacteria 
Test bacteria PS-1 PS-2 PS-3 PS-4 Ciprofloxacin 
Bacillus subtilis 25 25 50 50 0.78 
Bacillus 
sphaericus 25 12.5 25 25 0.78 
Staphylococcus 
aureus 25 50 25 25 0.39 
Pseudomonas 
aeruginosa - - - - 0.78 
Klebsiella 
aerogenes 25 
50 25 25 0.78 
Chromobacterium 
violaceum 25 12.5 25 25 0.39 
 Negative control (DMSO) – No activity 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chemical investigation of the sponge Axinella carteri: 
 The crude ethyl acetate extract (18 g) of the yellow colored sponge Axinella carteri, 
subjected to gel filtration chromatography (Sephadex LH-20, 1:1 CH2Cl2 : MeOH, 47mm 
X 820mm) followed by silica gel chromatography eluting with hexane through hexane-
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ethyl acetate mixtures and finally with ethyl acetate to afford seven known compounds 
AC-1 to AC-7. The structures of these compounds were confirmed by spectral studies and 
comparison with literature data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chemical investigation of the soft coral Sinularia kavarattiensis: 
 The crude ethyl acetate extract (36 g) of the soft coral Sinularia kavarattiensis, 
subjected to gel filtration chromatography (Sephadex LH-20, 1:1 CH2Cl2 : MeOH, 47mm 
X 820mm) followed by silica gel chromatography eluting with hexane through hexane-
ethyl acetate mixtures and finally with ethyl acetate to afford five known compounds SK-1 
to SK-5. The structures of these compounds were confirmed by spectral studies and 
comparison with literature data. Furano sesquiterpenoid, SK-4 showed cytotoxicity on nine 
different human cancer cells. The IC50 values are given in Table 2. 
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Table-2:  Cytotoxic activity of furano sesquiterpene, SK-4 on different 
human cancer cells 
Cell type §IC50  (µg/ml) Relative cytotoxicity 
THP-1 7.67 ± 0.18 1.00 
HL-60 8.80 ± 0.70 1.15 
Jurkat 10.2 ± 1.25 1.33 
U-937 10.81 ± 1.69 1.41 
Raji 13.12 ± 0.39 1.71 
Mia-Pa-Ca2 20.20 ± 0.43 2.63 
Daudi 22.18 ± 1.07 2.89 
A 375 23.81 ± 2.85 3.10 
HeLa 30.31 ± 4.89 3.95 
PBMC 120.71 ± 6.09 15.74 
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Chemical investigation of the soft coral Sarcophytol sp.: 
 The crude ethyl acetate extract (24 g) of the soft coral Sarcophytol sp. subjected to 
gel filtration chromatography (Sephadex LH-20, 1:1 CH2Cl2 : MeOH, 47mm X 820mm) 
followed by silica gel chromatography eluting with hexane through hexane-ethyl acetate 
mixtures and finally with ethyl acetate to afford five known compounds SS-1 to SS-4. The 
structures of these compounds were confirmed by spectral studies and comparison with 
literature data. 
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CHAPTER-II 
 
Chemical investigation of the sponge Dendrilla cactos: 
As part of our ongoing investigation on bioactive compounds from marine 
organisms we describe the isolation of bastadin alkaloids from the sponge Dendrilla 
cactos. The freshly collected sponge was soaked in methanol at the site of collection until 
workup. The resultant initial methanol extract was decanted from the sponge material and 
the sponge material was reextracted with dichloromethane : methanol (1:1, 3 x 1.5 L) by 
percolation at room temperature. The combined extract including initial methanol extract 
was concentrated under reduced pressure to obtain predominantly crude aqueous 
suspension, which was extracted into ethyl acetate. The aqueous extract was lyophilized 
and dissolved in methanol and the salts were filtrated to obtain methanol extract. The 
concentrated crude ethyl acetate extract and methanol extract (6.5 gm) was subjected to gel 
filtration chromatography on Sephadex LH-20 with 1:1 CH2Cl2-MeOH, 47 mm x 820 mm 
followed by silica gel chromatography eluting hexane-ethyl acetate mixtures, followed by 
reversed phase (C-18) high performance liquid chromatography (HPLC) using MeOH : 
H2O (80:20) as eluent to afford eight bastadin alkaloids, DC-1 to DC-8. The structures of 
compounds were established by interpretation of their NMR (1H, 1H-1H COSY, NOESY, 
ROSEY, HMQC and HMBC) and mass spectral data. 
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CHAPTER-III 
This chapter divided into two sections. In Section A, chemical modification of 
natural products, I presented the chemical modification of sarcophytol A and biological 
activities for some of these analogues. In Section B, reagent development in organic 
synthesis, I reviewed two synthetic methodologies which are carried out in the presence of 
lanthanum (III) nitrate hexahydrate. 
 
SECTION A: Chemical modification of natural products 
 Chemical modification of an active molecule is a tool to obtain a more active 
molecule than its natural counterpart. In our search for biologically active compounds from 
marine organisms, we have isolated reasonably good quantities of sarcophytol A from the 
soft coral Sarcophyton sp. and prepared its derivatives. Their structures were established 
by means of IR, NMR and mass spectral data. The derivatives were evaluated for their 
anticancer activity. 
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Compounds 3, 4, 7 and 8 were tested for cytotoxic activity on U-937 human cancer 
cell lines. The IC50 values are given in Table 3.  
 
Table 3: Cytotoxic activities of sarcophytol derivatives on U-937 human cancer cells 
 
Sarcophytol 
derivative IC50  (µg/ml) 
Compound 3 40 + 0.80 
Compound 4 65 + 0.70 
Compound 7 85 + 0.70 
Compound 8 46 + 0.40 
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SECTION B: Development of synthetic methodologies: 
Development of new synthetic methodologies is an important subject in organic 
chemistry for synthesis and conversion of bioactive natural products under mild reaction 
conditions with suitable reagents. Several classical synthetic methodologies involve 
expensive reagents or catalysts, which are not easily available. To replace all such reagents 
or catalysts, different improved processes have now been discovered to carry out the 
reactions efficiently and conveniently with readily available inexpensive materials. Modern 
methodologies are also concerned with the yield and selectivity of the products. 
 
A. Protection of amines and aminoacids as N-benzyloxycarbonyl derivatives: 
 The benzyloxycarbonyl (Cbz) group is one of the most useful functionality for the 
protection of amines and amine derivatives. This protecting group is very convenient since 
it is easily removable by catalytic hydrogenation without any side reactions. It is stable to 
basic and most aqueous acidic conditions. There are several methods available for the 
protection of aminogroups as N-Cbz derivatives, which include LiHMDS as a base in 
THF-HMPA solvent, β-cyclodextrin in aqueous medium. However several reported 
methods are associated with certain draw backs which include high temperatures, extended 
reaction times, tedious work-up procedures, poor yields of the desired products etc. The 
utility of a catalyst having Lewis acid character for the preparation of N-Cbz derivatives 
has not yet been properly explored. 
 
  
 
 
 
 
 The chemo selectivity of the reaction was demonstrated by the amino groups of 
different chemical nature. Thus in piperginyl indazoles, only the aliphatic amino group was 
mono protected. In the case of tryptamine only the aliphatic amino group was mono 
protected. Similarly in the case of amino alcohols and aminophenols only the amino group 
N
N
N
N O
O
MeO
N
N
N
N
MeO
TsTs
Cbz-Cl/ La(NO3)3.6H2O
r.t.  Solvent free
2-10 min
 
                                                                                                                                Synopsis 
 
 
 
 
 
was mono protected. When a mixture of aliphatic amines, one is amino attached to a 
primary carbon and the other one is amino group attached to a secondary carbon mainly 
the former could be protected in the presence of lanthanum (III) nitrate hexahydrate using 
Cbz-Cl (1mmol), but if the reagent was used in excess both groups could be protected 
quantitatively. In the case of mixture of aliphatic and aromatic amines (1mmol each) was 
treated with Cbz-Cl (1mmol) in the presence of   lanthanum (III) nitrate hexahydrate only 
the former amine was derivatised, but if Cbz-Cl (2 mmol) was used, the aromatic amine 
was also partly converted. 
In conclusion, we have described for the first time, lanthanum (III) nitrate 
hexahydrate as a remarkably efficient catalyst for Cbz-protection of a wide range of 
amines using Cbz-Cl. Aromatic amines containing electron-withdrawing groups also 
afford the desired derivatives in good yields. Chiral substrates were resistant to 
racemization and labile functionalities such as esters were compatible in this conversion. 
The protocol is a highly chemoselective offering potential in different applications. The 
method also has several other advantages such as simple experimental procedures, mild 
reaction conditions and excellent yields of mono Cbz-protected amines. 
 
B. Regioselective ring opening of epoxides with nitrogen heterocycles: 
 Indole and pyrrole derivatives are key structural motifs in many pharmacologically 
and biologically active compounds and as well as in many natural products. 3-alkyl indoles 
have significant medical importance and they can be prepared by Friedel-Crafts alkylation 
of indoles using epoxides. There are several methods reported for the opening of epoxides 
with nitrogen heterocycles, which include high pressure conditions, acid catalysts, 
lanthanum triflates, nanocrystalline titanium(IV) oxide, HBF4-SiCl4. However most of 
these methods have certain drawbacks such as long reaction times, large excess reagents, 
high temperature, high pressure, poor regioselectivity and unsatisfactory yield, especially, 
with regard to aliphatic epoxides. 
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The regioselectivity of the reaction was demonstrated by the reaction of pyrrole 
with styrene oxide affording 3-alkylated pyrrole as major product.  
 
 
 
 
 
In conclusion, we have developed a convenient method for the Friedel-Crafts 
alkylation of nitrogen heterocycles at room temperature under solvent-free conditions. 
Aliphatic epoxides also opened with nitrogen heterocycles in good yields. The advantages 
of the present protocol are highly regioselective, involve simple experimental procedures, 
mild reaction conditions and gives excellent yields. 
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